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From the Princeton workshop and the next steps

• Higgs Snowmass Workshop, 14 – 15 January 2013, Princeton

http://physics.princeton.edu/indico/internalPage.py?pageId=1&confId=127

• Session on Spin and CP Mixtures

– Theory overview (Kirill Melnikov)

– CMS view (Seth Zenz)

– ATLAS view (Kirill Prokofiev)

– Lepton / photon colliders: pending contributions (see today)

• Discussed main ideas for Snowmass studies

– ATLAS+CMS+ have provided good framework for projections

– Lepton / photon colliders: were seeking active projections

• Next important milestone: have preliminary studies ready by June 15
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Two main paths: spin and mixture

• Two main paths to study “H(125)”

(1) test of exotic spin > 0 assignments / hypothesis testing

LHC is excluding already ⇒ interest may be reducing

nonetheless, identify benchmark models for comparison

(2) measure mixture: tensor structure of interactions (spin-0)

equivalent effective Lagrangian or scattering amplitude approaches
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“Golden” comparison: pp vs e+e−

• LHC: gg → H • H-factory: ee → ZH • ILC: eeZZ → eeH

• Golden ZZH coupling as a benchmark (pp vs. H-factory vs. ILC)

– mostly decay on LHC and production on e+e−

– kinematics: m(Zi), θi, Φ for spin= 0; add θ∗ and Φ1 for spin 6= 0

– m(Z∗) ⇔ e+e− threshold scan

– may combine with WWH, but cannot use e+e−WW → νν̄H

– no strict boundaries: Z(W )H and VBF contribute to LHC, ILC

– fermion couplings discussed separately
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Path 1: Spin > 0

• Several test models adopted by LHC for ZZH, WWH, γγH, ggH

model X production comments

0
− any pseudoscalar

1
+ qq̄ → X exotic pseudo-vector, not for γγH, ggH

1
− qq̄ → X exotic vector, not for γγH, ggH

2
+

m qq̄ qq̄ → X graviton-like tensor with minimal couplings

2
+
m gg → X graviton-like tensor with minimal couplings

2
−

h gg → X “pseudo-tensor”

• Possible measure tensor structure, less motivated

– for Snowmass may stick to a few benchmark models (e.g. above)
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CMS data • LHC: MELA / BDT techniques, example:

CMS expect (observe) 2+
m vs SM 0+: 1.9σ (2.7σ)

scales to 300/fb LHC ∼10σ
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Path 2: Mixture in V V H

ZZH, WWH (SM g1), ZγH, γγH, ggH (SM g2), or 0− (g4)
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CMS Preliminary -1 = 8 TeV, L = 19.6 fbs; -1 = 7 TeV, L = 5.1 fbs 

• LHC: assuming SM and ignoring g3

CMS expect (observe) fCP = 0.00± 0.40 (±0.23)

scales to 300/fb LHC fCP = 0.00 ± 0.08

may include fg2 in projections
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Mixture in V V H

• Amplitude for XJ=0 → V1V2

A = v−1ǫ∗µ1 ǫ∗ν2

(
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X + a2 qµqν + a3ǫµναβ qα

1 qβ
2

)

• SM Higgs 0+: (a1) CP ∼few% (a2) CP ∼10−10 ? (a3) CP6

(or beyond SM) (or beyond SM)

• 3 amplitudes (“experiment”) ⇔ 3 coupling constants (“theory”)
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Photon and Muon Colliders

• Polarized beams on µ+µ− and γγ colliders with s-channel production

– would allow to measure A++ vs A−− amplitudes ⇒ CP fraction

– benchmark measurements fCP in µ+µ−H and γγH

(not “easily” possible on LHC and e+e−)

• even if present, CP violation may be suppressed in ZZH coupling

– if 0− coupling to ZZ (same for WW ) is suppressed

ttH, ττH, ZγH may have large CP -violation on LHC and e+e−

small-fCP & large-precision vs large-fCP & smaller-precision

– µ+µ−H and γγH would become key measurements on µµ and γγ

• Feasibility study from µµ and γγ collider communities

– need common convention for the quoted measurement
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Path 2: Mixture in ff̄H

• Mixture τ+τ−H,µ+µ−H, bb̄H, tt̄H harder to measure on e+e−& pp

– possible if polarization of fermion decay (production) is measured

e± beam polarization may help

– feasibility in H → τ+τ−

– feasibility in e+e−(pp) → tt̄H

• Similar parameterization:
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ū2 ρ

(

cos θ + eiφρ2 sin θ γ5

)

v1

fCP = fρ2 =
|ρ2|2σ2

|ρ1|2σ1 + |ρ2|2σ2
=

1

|ρ1/ρ2|2 σ1/σ2 + 1
=

1

| cot θ|2 σ1/σ2 + 1

φρ2
= arg

(

ρ2

ρ1

)

– deduce from fermion polarization: A±± ∝ (ρ2 ± βρ1)
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Possible matrix for pp vs. H-factory vs. ILC

• LHC: gg → H • H-factory: ee → ZH • ILC: eeZZ → eeH

LHC 300/fb LHC 3000/fb e+e− 250 GeV e+e− 1 TeV

spin-2 Grav. ∼ 10σ ≫10σ ? ?
... ... ... ... ...

fCP in ZZH ±0.08 ±0.03 (?) ? ?

fCP in ττH ? ? ? ?

fCP in ttH ? ? – ?

fCP in ZγH ? ? ? ?
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Summary: Spin and Mixture for Snowmass-2013

• We already know many things, but need to focus on projections:

– V VH (V = W,Z) couplings at LHC reasonably well covered

– e+e− expectations and fermion couplings need to quantify better

– quantify µ+µ− → H and γγ → H feasibility of CP measurements

LHC LHC e+e− e+e− µ+µ− γγ
300/fb 3000/fb 250 GeV 1 TeV 125 GeV 125 GeV

spin-2 Grav. ∼ 10σ ≫10σ ? ? ? ?
... ... ... ... ... ... ...

fCP in V VH ±0.08 ±0.03 (?) ? ? ? ?

fCP in ττH ? ? ? ? ? ?

fCP in ttH ? ? – ? – –

fCP in µµH – – – – ? –

fCP in γγH – (?) – – – ?
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